






















学校编码：10384                                分类号      密级        









 Electrochemical Deposition and Properties of Doped Bi2Te3 




指导教师姓名：程  璇  教 授 
              周  健 副教授 
专 业 名 称：材料物理与化学 
论文提交时间：2012 年  5 月 
论文答辩日期：2012 年  6 月 
学位授予日期：2012 年  12 月 
 
 
答辩委员会主席：                
评    阅    人：                
 
 




































































































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的资助，
在（               ）实验室完成。（请在以上括号内填写课题或课题
组负责人或实验室名称，未有此项声明内容的，可以不作特别声明。） 
 
声明人（签名）：                














































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，于   
年  月  日解密，解密后适用上述授权。 






声明人（签名）：             







































通过选择掺杂 Bi2Te3 基热电材料作为研究对象，采用循环伏安技术对 Bi-Te-P 三元体





原子层间，形成 P 原子夹层，薄膜霍尔系数为-1.76×10-2 m3/C，热导率为 0.47 W/(m·K)，
仅是块体材料的三分之一。沉积电位为-230 mV 时，P 掺杂 Bi2Te3 薄膜的 大电导率
为 345 S/cm，P 原子的掺杂量为 0.9%；而同样沉积电位下得到的 P-Ni 共掺杂的 Bi2Te3
薄膜，其 大电导率高达 1450 S/cm，P 和 Ni 原子的共掺杂量达到 4.01%；沉积电位
为-70 mV 时，P-Co 共掺杂的 Bi2Te3 薄膜的 大电导率达 757 S/cm，P 和 Ni 原子共掺
杂量为 3.34%。因此，在室温范围内，多元掺杂能够提高材料的电导率，是改善材料
温差电性能的有效方法。 
电沉积得到的 P 掺杂和 P-Ni 共掺杂的 Bi2Te3 薄膜，都具有单相 Bi2Te3 菱方结构，
且通过改变沉积电位，可以实现 P 掺杂的 Bi2Te3 薄膜结晶取向的改变，但沉积电位
对 P-Ni 共掺杂的 Bi2Te3 薄膜的结晶取向影响不大；而 P-Co 共掺杂的 Bi2Te3 薄膜虽然
也具有单相 Bi2Te3 菱方结构，但容易共生 BiPO4 和 P2O5 杂质，改变沉积电位同样可
以改变 P-Co 共掺杂的 Bi2Te3 薄膜的结晶取向。 
 






























The Bi2Te3 compounds have been considered to be the best thermoelectric (TE) 
materials in commercial applications at near room temperature. Low dimensional 
changes and doping modifications can significantly improve the TE materials of Bi2Te3 
compounds. Electrochemical deposition technology is one of the most commonly studied 
methods in preparing TE thin films. It is simple, low cost, and easy to control the 
chemical composition, crystallization and grain size of the materials. The main research 
objective of this work was to prepare the doped Bi2Te3-based TE thin films without 
cracking, possessing high density and certain TE properties by electrochemical 
deposition. The electrochemical behaviors on stainless steel substrates in Bi-Te-P ternary, 
Bi-Te-P-Ni and Bi-Te-P-Co quaternary systems were systematically investigated by 
cyclic voltammetry. The P doped, P-Ni and P-Co co-doped Bi2Te3 thin films were 
prepared by electrochemical deposition at selected potentials. The effects of structure and 
composition of the thin films on the TE properties of materials were studied. 
The results showed that the P doped Bi2Te3 thin films, prepared potentiostatically at 
an applied potential of −200 mV, were stoichiometric with a single phase, exhibited 
n-type characteristics with the Hall coefficient of -1.76×10-2 m3/C and the thermal 
conductivity of 0.47 W/(m·K) which is one third of bulk materials. The doped P atoms 
occupied the interstitial positions between the two adjacent Te(1) layers connected by 
van der Waals interactions in Bi2Te3. For the P doped Bi2Te3 thin films electrodeposited 
at -230 mV, the largest electric conductivity of 280 S/cm and the contents of P atoms to 
be 0.9% could be obtained, while for the P-Ni co-doped Bi2Te3 thin films 
electrodeposited at -230 mV, the largest electric conductivity of 1450 S/cm and the 
contents of P and Ni atoms to be 4.01% could be obtained. For the P-Co codoped Bi2Te3 
thin films electrodeposited at -70 mV, the largest electric conductivity of 757 S/cm and 
the contents of P and Co atoms to be 3.34% could be obtained. Therefore, at room 
temperature, multiple doping which can improve the conductivity of the material is an 
effective method to improve the thermoelectric properties of materials. 
















deposition were single phase with the rhombohedral Bi2Te3 structure. Variations in the 
deposition potentials changed the crystal growth orinentations of the P doped and P-Co 
co-doped Bi2Te3 thin films, while little affected the crystal growth orinentation of the 
P-Ni co-doped Bi2Te3 thin films. Although the P-Co co-doped Bi2Te3 thin films showed 
the rhombohedral Bi2Te3 structure, there would be such impurities as BiPO4 and P2O5 to 
be generated. 
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